Background: Malaria is a leading cause of morbidity and mortality in most developing countries, and in Uganda over 95% of the country is endemic with malaria. Given the increasing widespread resistance to current drugs, the use of herbal medicines is seen as a sustainable solution to malaria treatment. This study documented medicinal plants that are traditionally used for the treatment of malaria in Budondo sub-county, Eastern Uganda.
Background
Malaria is one of the key causes of ill health, deaths and poverty in most of developing countries. In 2016, the world experienced 216 million malaria cases and an estimated 445,000 deaths from malaria was reported (WHO 2017) . Ninety percent of these deaths occurred in sub-Saharan Africa, where nearly all malaria is caused by Plasmodium falciparum. Pregnant women and children below five years with lowered immunity are the most affected by the disease (Stangeland et al. 2011 , WHO 2016 . Uganda ranks 6 th among African countries with high clinically diagnosed malaria related mortality and morbidity rates, accounting for approximately 30-50% of outpatient visits at health facilities, 15-20% of all hospital admissions, 9-14% of hospital deaths, according to the health sector strategic plan (Uganda Ministry of Health 2005) . Despite recent key interventions in malaria control like supply of insecticide treated mosquito bed nets and intensified treatment of cases, the disease remains a major public health problem and a leading cause of outpatient visits, admissions and death in the country (Uganda Health Sector Strategic and Investment Development Plan 2010/11-2014/15 ). Furthermore, the increasing widespread development of resistance of malarial parasites to standardized phytomedicines poses a major threat in the fight against malaria (Mukungu et al. 2016) , necessitating continuous search for new antimalarial drugs. Current antimalarial drugs are derived from plants (e.g., Artemisinin from Artemisia annua L., family Asteraceae). In several African countries including Uganda, there is a long tradition of treating disease with medicinal plants. This practice is still common in most rural parts particularly in areas where the health centres are poorly equipped both with personnel and medicines and lack the necessary infrastructure and resources to manage and control malaria (WHO 2003) . This knowledge is often passed by word of mouth from generation to generation. Several plant species are used to treat malaria in Uganda. For example, Tabuti et al. (2003) reported over 20 species in Bulamogi County, Eastern Uganda for treatment of malaria and malaria-related ailments. Kakudidi et al. (2000) and Oryem-Origa et al. (2003) reported Vernonia amyygadalina Delile and Senna didymobotrya (Fresen) Irwin and Barney as two of the most common species used in south western and central Uganda. In Shinile district, Ethiopia, Mesfin et al. (2012) recorded 27 antimalarial plants and Azadirachta indica and Tamarindus indica were the most commonly reported plants. However, up until now there has been no documentation of the use of medicinal plants for treatment of malaria in Budondo sub-county. The aim of the present study was to identify and document the plants that are commonly used by the indigenous people of Budondo subcounty in the treatment of malaria infection.
Materials and methods

Study area
The ethnobotanical survey was carried out in Budondo sub-county located along the bank of river Nile in Jinja district, Uganda, approximately 92 km by road, north-east of the capital city, Kampala. The area has five parishes, Nawangoma, Buwagi, Ivanumba, Namizi and Kibibi and an estimated 10,084 households (Uganda Bureau of Statistics 2014).
The area is richly endowed with diverse flora, and the traditional healers are reported to be many. The rainfall pattern is bimodal (range: 1,250 to 1,500 mm per annum) with a dry season from November to February and two short rains from April to May and from September to October (Tabuti & Mugula 2007) . The majority of people in Budondo are poor (Jinja District Development Plan 2015 Plan /2016 Plan -2019 Plan /2020 , with very limited health facilities (the sub county has only one health unit, Budondo health centre IV), and there are high malaria incidences, with 7,815 cases (41%) reported in 2016 (MOH 2016) . Furthermore, the sub-county has several wetlands, sugar cane plantations and streams which serve as breeding and hiding places for mosquitoes.
Ethnobotanical survey
Ethnobotanical data on the use of medicinal plants for treatment of malaria was collected between December 2017 and January 2018. Data was collected through a survey by administering semistructured interviews to randomly selected household representatives (i.e., either the household head, spouse or any adult child above 15 years). Interviews were conducted in Lusoga, the principal language spoken in the area. A total of 273 respondents (125 men and 148 women) above 15 years were sampled in the five parishes (Table 1) . Data collected included biodata of the respondents, local name of plant species used to treat malaria, plant parts used, habit, mode of remedy preparation and administration, including dosage of the claimed medicinal plants. Prior to conducting the study, permission from the chairpersons of area local councils were obtained and the study was approved by the Gulu University Research and Ethics committee . Written informed consent or assent was sought from each respondent before the onset of interview. The researcher explained to each respondent the objectives of the study. Voucher specimens of the reported antimalarial plants were identified by a taxonomist, Rwamburindore P., labeled and deposited in the Herbarium of Makerere University, Uganda. The correctness of the species and family names were checked using the online flora of Tropical Africa database (http://www.tropicos.org, accessed 10/06/2018) and APG IV, (2016), respectively.
Data analysis
Ethnobotanical data were analyzed using descriptive statistics such as frequencies and percentages. The association between respondents' knowledge with their gender, age, educational status, occupation, religion and income level per month was tested with chi-square analysis (Sokal 1995) . All data were analyzed using SPSS, version 23 at a 95% confidence interval (P = 0.05).
Results
Socio-economic characteristics of respondents
The profile of the 273 respondents interviewed in this study is presented in Table 1 . 125 (45.8%) of the respondents interviewed were men and 148 (54.2%) were women. The majority (45.8%) were between 26 to 35 years old. Most of the respondents (65.9%) had basic primary school level of education. The majority (79.5%) of respondents were peasant farmers and only 21 (7.7%) of the interviewed respondents were formally employed. Most of the respondents earned below Uganda Shilling (UGX) 100,000 (approximately 30 US dollars) per month and the majority belonged to the mainstream religions and were mostly Catholics (32.2%), Anglican (28.2%), Pentecostals (16.8%) and Muslims (16.1%). Overall, 96.7% (264/273) of respondents had knowledge about antimalarial plants (Table 1) .
Traditional knowledge on antimalarial plants
A chi-square analysis shows significant associations in the knowledge of the antimalarial plants and gender (χ 2 = 7.0, df=1, P-value=0.008), and occupation (χ 2 = 9.3, df=3, P=0.025). The women were more knowledgeable than the men ( Table 2) . The peasant farmers were more knowledgeable than the others. However, there was no significant association with education status (χ 2 = 8.8, df=4, P = 0.066), religion (χ 2 = 10.4, df=5, P<0.064) and income status of respondents (χ 2 = 6.0, df= 6, P=0.419) ( Table 2) .
Traditionally used antimalarial medicinal plants
A total of 37 plant species both cultivated and wild belonging to 25 different families were reported to be used in treatment and cure of malaria infection in Budondo sub county (Table 3 ). The family Asteraceae was the most commonly represented with five species, followed by Myrtaceae (four species), Solanaceae (three species), and the families Bignoniaceae, Verbenaceae and Rutaceae were represented with two species each. The rest of the families (19) (Table 3) . Herbs constituted the highest number of medicinal plants (16 species), followed by trees (14 species) and shrubs (7 species) ( Table 3) . 
Discussion
Our results revealed that 37 plant species belonging to 25 different families are commonly used for treatment of malaria in Budondo sub county, with Asteraceae and Myrtaceae being the most predominant plant families in terms of number of species. The use of Myrtaceae and Asteraceae in the treatment of malaria has been reported in several earlier previous studies, such as in Cameroon (Simbo 2010) , Uganda ) and in Nigeria (Olorunnisola et al. 2013) . Different species of Asteraceae are reported to have pharmacological properties, for example Olorunnisola et al. (2013) reported three plant species (Chromolaena odorata L; Vernonia amygdalina Delile and Ageratum conyzoides L.) that are used for treating malaria in Southwest Nigeria. Most of the plants cited in the current study have been reported by different communities elsewhere in Uganda and other countries in Africa for management of malaria (Tabuti 2008 , Ssegawa & Kasenene 2007 , Stangeland et al. 2011 , Mesfin et al. 2012 suggesting that these species may be effective in the treatment of malaria. For example, V. armygdalina, Aloe sp, and A. indica were reported by Stangeland et al. (2011) to be used for treating malaria in western Uganda whereas Ssegawa and Kasenene (2007) reported A. indica and Citrus limon (L.) Osbeck (Rutaceae) for treatment of malaria in southern Uganda. In Ethiopia, Mesfin et al. (2012) mentioned Aloe sp, A. indica and Tamarindus indica to be used in treatment of Malaria in Shinile district, Somali region of Ethiopia. However, the number of plant species reported (37 plant species) are higher than those reported (20 species) in the mostly swampy sub-county of Cegere in northern Uganda (Anywar et al. 2016) , although lower than those reported (48 species) in Nyakayojo sub-county in western Uganda (Stangeland et al. 2011) .
Overall, the results of the present study clearly indicated that the people of Budondo in Uganda were knowledgeable (97.8% of respondents) concerning antimalarial plants. However, there was no significant difference observed between knowledge of plants used to treat malaria and the educational status, religion, age and average income status of respondents. This suggests that the plants are well known by the community irrespective of educational status, age, religious affiliation and income status. Nevertheless, the knowledge of antimalarials was significantly associated with gender (p-value = 0.008) and occupation (p-value = 0.025) of the respondent. Women were more knowledgeable about the plants than men because women are more responsible for the health care of the family members, especially children than men (Oreagba et al. 2004) . Besides, malaria majorly affects pregnant women and children below five years old (Stangeland et al. 2011) , and thus women easily obtain this information to curb down the disease. The present result is consistent with the findings of Tabuti et al. (2003) in Badiope county, Eastern Uganda.
Furthermore, our results also indicated that the people of Budondo mostly use stem (99.9%) and leaves (90.6%). This agrees with the work of Anywar et al. (2016) on medicinal plants of Cegere, in northern Uganda and with the works of Pierre et al. (2011) in Cameroon, where they showed that leaves and stem constituted the majority of the plant parts used. Leaves and stem are the plant parts most commonly used by traditional medicine practitioners in many African countries (Olorunnisola et al. 2013 , Mukungu et al. 2016 . The routine use of leaves could be a result of the fact that leaves are the sites for synthesis and storage of the majority of plant secondary metabolites or bioactive compounds which are presumed to have anti-plasmodium actions (Pierre et al. 2011) . Besides, regular harvest of leaves poses minimal threat to the survival of individual plants and this could be a conservation strategy of the plants by the communities. However, frequent usage of stem for herbal preparations can be risky for the survival of a plant species. Therefore, to ensure sustainable utilization of medicinal plant resources, application of proper harvesting strategies and conservation measures is necessary.
Most of the plants used for treating malaria were prepared by squeezing juice out of the fresh leaves and boiling in water (Table 2) which is in agreement with previous study by Olorunnisola et al. (2013) in south-west Nigeria and by Mukungu et al. (2016) in Kenya. Also, water was mostly used as solvent in making herbal preparations as earlier reported by Kamatenesi et al. (2011) . The herbal remedies were primarily administered through oral route, but rarely through intranasal and whole-body steam baths. Fresh parts were also eaten and chewed directly upon collection or after initial pounding. These findings are in agreement with observations in other studies elsewhere , Olorunnisola et al. 2013 , Mukungu et al. 2016 . The oral route is suited for systemic treatment of malaria because the disease is caused by intracellular haemo-parasites and its treatment require taking sufficient circulating concentration of suitable antiprotozoan compounds from herbal medication. This allows comparatively rapid absorption and distribution of bioactive compounds from the plants, allowing the delivery of adequate curative power (Teklay et al. 2013) .
Conclusions
The present study shows that the people living in Budondo have a rich knowledge on anti-malarial plants which could be exploited in the development of new anti-malarial drugs. However, future research on in-vitro anti-plasmodial efficacy and toxicological studies of the plants are needed to generate confidence in their use. Also, it is needed to identify and isolate bioactive compounds in these plants that could be developed into new effective and affordable standardized phytomedicines. (Muthaura et al. 2015) , and against chloroquine sensitive, CQ-s (IC50=68.14 μg/ml); and chloroquine resistant, CQ-r (IC50=67.27 μg/ml) (Murugan et al. 2015) .
Quinones (Alemayehu et al. 1989 ) (Biswas et al. 2002 , Nanyingi et al. 2010 More than 100 compounds have been isolated including isoprenoids, terpenoids and gedunin (Biswas et al. 2002 , Nanyingi et al. 2010 -022-19) . Permission to conduct this study was later granted by the local council chairpersons of respective villages. Written informed consent and assent were obtained from the adult participants and persons under the age of 18, respectively. Consent for publication: Not applicable.
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